Double quantum dot systems in the spin blockade regime exhibit leakage currents that have been attributed to the Hyperfine interaction. We model weakly coupled double-dot transport using a rate equation approach which accounts for Hyperfine flip-flop transitions. The rate equations allow us to obtain self-consistently the time evolution for electronic charge occupations and for the nuclei polarizations in each dot. We analyze the current in the spin blockade region as a function of magnetic field and observe hysteretic behavior for fields corresponding to the crossing between triplet and singlet states.
In this letter, we model recent experimental studies of transport through two weakly coupled vertical QD's 6, 7 . These experiments analyze transport through weakly coupled QD's in the spin blockade regime under an external magnetic field (B). In the experimental current versus B curves, two striking features are observed: an step in the current and hysteretic behavior. The current step position depends on the source-drain voltage (V DC ).
We propose a model based on rate equations which includes a microscopic approach of the Hyperfine interaction Rate equations for state occupation probabilities ρ s are:
where W i,j is the transition rate 8 from state j to state i . The HF Hamiltonian is:
On the other hand,Ĥ
is the flip-flop interaction responsible for mutual electronic and nuclear spin flip. A is the average HF coupling constant and the nuclear spin I=1/2. Because of the mismatch between nuclear and electronic Zeeman energies transitions must be accompanied at low temperature by phonon emission. We approximate the electronic sf transition rate as 8 :
where γ is the electronic state life-time broadening which is of the order of µeV , i.e., of the order of the phonon scattering rate 10 . ∆E is the difference between the energy of a state with one electron in each dot with aligned spins (| ↓, ↓ /| ↑, ↑ )and the energy of a state with one electron in each dot with opposite spin orientation (| ↑, ↓ /| ↓, ↑ ) (see Fig. 1 ).
The latter is mixed due to interdot tunneling with the intradot singlet state in the right QD (|0, ↓↑ ). The energy of the mixed state is calculated through a two level system approach and depends mainly on the inner barrier coupling term (t) and the right and left dots level detuning (∆). Detuning, ∆, is defined as the difference between the energy of a state with one electron in each dot with aligned spins and the energy of a state with two electrons with opposite spin orientation in the right QD, (|0, ↓↑ ):
At B = 0, ∆E depends on B and on the nuclei spin polarization:
Here P characterizes the nuclear spin configuration and is defined by P =
where N 1/2 is the number of nuclei with I Z = 1/2 and N −1/2 is the number of nuclei with
We consider a finite nuclear spin relaxation time due to nuclei spin scattering (≈ ms 10, 11 ). The system of time evolution equations for the electronic states occupations ρ i and nuclei polarization of the left and right dot is self-consistently solved. From that we calculate the total current through the system which is the physical observable of interest (see ref. 8 ).
In Fig. 1 the energy levels diagram as a function of ∆ is shown. At finite B the interdot triplet state splits (see bottom panel of Fig. 1) . At large detuning, increasing B, | ↓, ↓ is close to the | ↑, ↓ but electron-nuclei spin scattering is not efficient because it would imply phonon absorption which has very low probability at low temperature. When | ↓, ↓ crosses the | ↑, ↓ ( | ↓, ↑ ) state, ∆E = 0 and according to eq. (5) spin flip has the largest probability to occur. Now electrons and nuclei spin flip processes takes place through HF interaction with phonon emission. They are favorable at temperature close to 0. This is the physical origin for the current step experimentally observed 6,7 . The calculated current versus magnetic field is presented in Fig. 2 where the current step at different source-drain voltages is shown. As the level crossing occurs the current flows and a finite nuclei polarization is induced (see Figs. 2 and 3 ). It produces an additional Zeeman term which re-normalizes the energy levels. Increasing further B, the current remains constant due to the interplay between the flip flop processes and spin scattering between nuclei which acts removing the nuclei induced spin polarization. Sweeping B backwards, the current remains finite up to the crossing of the levels which now takes place at lower B than in the sweeping forward case due to the feedback between charge occupation and nuclei spin polarization (see Fig. 4 ). Therefore the current presents a clear hysteretic behavior. We observe as well how the bistability region depends on V DC (as experimentally observed).
In conclusion we have analyzed charge transport through weakly coupled DQDs in the SB regime including HF interactions and considering phenomenologically phonon emission as dissipative mechanism. SB is removed at triplet-singlet levels crossing, once flip-flop mechanism is assisted by phonon emission. The interplay between HF interaction, nuclei dipole interaction and electronic charge occupation produces bistability in the current as a function of the external magnetic field. 
